We examine the influence of the grain shape on the effective elastic moduli of polycrystalline materials. For that purpose the real material is simulated by a cluster of Wigner-Seitz cells. For clarity each aggregate consists of grains with only one type of shape. Therefore we can classify each cluster by the coordination number of its grains. To determine the elastic moduli a homogeneous deformation is subjected to the surface of the cluster. The solution of this boundary value problem yields the average stress and strain governing inside the material whose interconnection by Hooke's law leads to the soughtfor effective constants.
INTRODUCTION
The determination of effective elastic moduli of polycrystalline materials from their microscopic structure presents a very exacting problem. First models to solve this problem were developed by Voigt (1910) and Reuss (1929) . They assume that throughout the whole material the strain and stress, respectively, are constant. Although these models are in far contrast with experimental facts, their essential importance consists in yielding upper and lower bounds for the effective elastic constants (Hill, 1952) . If there is no information about the microstructure available except for the single crystal moduli and the Orientation Distribution Function (ODF) of the material they are the closest bounds (Krtiner 1977 ). An improvement of these bounds can be achieved if there is no correlation between the elastic moduli of neighboring grains. Then the values of Hashin and Shtfikman (1962a,b) yield best bounds. If one introduces correlation effects of higher order into the calculation the bounds become even closer. For a systematic treatment see Zeller and Dederichs (1973) and Krtiner (1977) .
Altogether the latter methods are suitable to limit the elastic moduli for different orders of correlation but they require an enormous mathematical effort to resolve the effect of the grain shape on the effective constants. For that reason we make use of the cluster method by Fritsche (1994a, 1994b) which includes the grain shape explicitly into the calculation and is therefore the appropriate method for our investigations. 
METHOD
To gain access to the effective constants for different grain shapes we apply the cluster approach which is intensively described by Kiewel and Fritsche (1994b) . An aggregate of single crystals is subjected to a homogeneous deformation at its entire surface. By solving this boundary value problem under the constraint that displacement and stress are continuous at the grain boundaries the deformation field inside the material is calculated. The stress-strain relation of the macroscopically homogeneous sample yields then the effective elastic moduli of the material. Kneer, 1964; Kneer, 1965) present the exact effective moduli. They are also reported in Tables 5 to 7 . For materials with an anisotropy in the order of 2 to 4 (see Table 4 ), like silver, copper, iron, zinc and tin, the effect of the grain shape on the elastic constants amounts up to 6%. For example, the difference between sc-and fcc-shear modulus for copper is about 6% of the average of these both values. Materials whose anisotropy is less than 1.5, like titanium, show only a negligible influence of the grain shape on the properties of the polycrystalline substance (< 1%). For the extremely anisotropic graphite the effect is in the range of 25 to 45%. In this case it is essential for reliable calculations to take the exact grain shape into consideration. Without detailed information about the microstructure of polycrystalline graphite it is impossible to give even an approximate value for the effective constants of this material.
RESULTS AND DISCUSSION
For the investigated 7 materials the values for the fcc-clusters are always smaller than those for the bcc-clusters which are in their turn smaller than those for the scclusters. This fact leads to the fundamental conclusion that with increasing coordination number of the cluster the elastic moduli decrease.
CONCLUSIONS
The results of the present paper show that the cluster method is a suitable tool to resolve the effect of the grain shape on the effective elastic constants of polycrystalline materials.
The single crystal anisotropies AG and Ae yield a criterion to estimate the order of this effect. For materials with small single crystal anisotropy, i.e. A At < 2, the effect is negligible. If the anisotropy lies between 2 and 4, like for copper or iron the influence of the grain shape becomes noticeable. Graphite is an example with extremely high anisotropy. In this case calculating effective elastic constants without including the grain shape seems to be useless. For all investigated materials the elastic moduli decrease with increasing coordination number.
